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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a nitride 
semiconductor for use in a light emitting element, e.g. 
a light emitting diode or a laser diode, or a light 
receiving element, e.g. a solar cell or a photosensor, 
and a method for growing a low defect nitride 
semiconductor substrate comprising a nitride 
semiconductor. 

SOLUTION: A first protective film is formed in" pattern 
on a different kind of substrate and a nitride 
semiconductor is grown at the window part of the 
protective film. Subsequently, the first protective film 
is removed and a nitride semiconductor layer is grown in 
the lateral direction using the nitride semiconductor as 
a nucleus. Furthermore, a second protective film is 
formed in pattern thereon, a nitride semiconductor is 
grown at the window part of the protective film, the 
second protective film is removed and a nitride 
semiconductor layer is grown in the lateral direction 
using the nitride semiconductor as a nucleus. 
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1 

Aires 1 ^«isi]io^sr»(;aft^4 i 2»fr^'i^-5»s 1 co 

->- KttA *tt«3*, «riE»10««H«rWi)|Sfe<c: 

«rfE»lo->- KftfitloT, tS^ffli:*l<oaft 

£ fifcK £ * * X® £ , 
mi l <ofiMb»##fldl ± .= , '^->Ki:|2W 

wia»2 offtttnoj&asuaft***^^*** 2 <o 
-f/swu (±ai*. g-ftfitG-tztemzMfc-t 

4Ig£> 

Htie*2C0->- KttfifcHoT, ^1S^BU*2<7)^b 
[§!** 2 ] fries 2 ofiHiif, & l <» -> - K«»± 

s tn z t z^m. 1 ■* & is*a uzmm.na.itm* 

imxm 3 ] mmmmt*. m * 1200 t:iauteo& 
Rft^'f*, aft***, mt*9>, mtv** 

itmtt-jmr'&z z t iftmt-tzmxm 1 uib«o 

[lt*«5] teflO-/-Ktti«>l (Ws) t»l 
Ov- K$gh&<D.igfflS<0*B (Ww) tOitWw/Ws^N 

1-2 otr**ifc*i#*fc-r*w#aii uciRoaffc 

[»*s 6 ] mzm 2 <0 > - KMOII^ 5 ,1 m» 

±t*4 c t *®WLt 1 uEiftoaftw** 

Kea±»sir* 1 <r>miv®*m&m±<?>m&w±mz 
&m m-t 4 z t z^m t 1-4 1 iznnomtvi 

hfemzmmmx-fctizz*itzmm*i&m*h&&m 1 

<0v- Ktt*fc, 

* 1 oaffc»**fW t , 

ilirE»i coaffc^3M£S±t-, ®!9^xh7^ 
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&ftmm-rz>&mzMf&.$ixtz 
mtto¥m#fr e> * * * 2 o - k*s* t , 
mrisfd 2 <o-> - ksb^Sotm & m 2 oa-fttf 

-e* t> , *2o->- k$£ b b b t* o l co n ic 
**i-4afb*MMM&*«o 

(l^ffcy -f *"C*4 c t i-4W#JS 8 i:Et«) 

1 0 ] b9IB* 2 co v - K*Sb!(±> » 1 co >- K 

tt TfM S it 4 i SrWfK i: -T 4 W*« 8 UE*oafb 

[ffi^Jll 1] miESl co ->- KttA coifS (Ws) fc* 
1 co->- K$S B B B <0^<Oi@ (Ww) t <0Jtri*Ww/W s 
**, 1 -2 0T£4Ct £#@ctTh4Sr*«8lc|E«<0 

aib^**ft*«o 

[Iff $g 1 2 ] flltaft 2 CO v — Ktft JhOKVA*. 5 ^ m 
JELLT *4 C t ^#gii;i:1-4i»*a 8 tcfe«coafbtl* 

[0 0 0 1 ] 

[»^comi-4«ffi55-S ; ] *HWI±, 3k1ty'(*-V\ 

*)EWSj6*^-UttfflSK4a<tft**# (I n 
x A 1 V G ai-x-yN, 0^X, 0^Y, X + YS1) i 

*> zz>mit®*mftm¥<?>m&7imizm »u*«± 

o 

[0 0 0 2] 

50 [fi£*co*J«] iS#> afttt^ff^Srfflv^l&jty 
-f^-K (LED) ^#*fltU-Hf- (LD) <0W^ S 
SIIUtffeiiTisO, *#K<0«*^'f K (LE 
D) *mi&m&%M°jm%*>g#-l---if- (LD) 

tt«ftL.-<^#»3j»c,«:4S i 0 2 ^<0««)^^fix:ft 
^-fr^h^-fyf^tL, ^0±{caft^**#SrSlR 
40 i£:5£-<i:4:fr?£7) ? &e>:h-Tv^ 0 i/-, t7rO, X 

saft^sflttwi^wux h7^7-wt l> 

ffM ^ ttr^T^S coffl® i;ajt®**^co*^r6j<o^S 
*fOffl L.43i«t»«T*Jl±tcftfl:tt*#ff 

tt+atfr*^*** t&^«Sx:<o«v^^ 

50 (Epitaxial ly lateral over growth: ELOG) tVf- 
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3 

[ 0 0 0 3 ] J p n . J . A p p 1 . P h y 

s. Vol. 37 (1988) pp. L309-L31 
2 l-(4, t77^f T£«±Ul£:K£-£*:afl;#'J -7 A± 
CS i 02*O«fllil«ra5i9-fl«j(z^«LT, ^0±(cff 

S i 0 2 ±(iiigfb** , J -7 ^■t> s m.&f&&L%^tz#>, & 

* 0 Lfc*«ot\ s i o 2 mm±.^®m&mm.<r>m.it 

[0 0 0 4] i fc, 1 1 - 1 4 5 5 1 6 -f-^rffiH 

14, S i 02«MR*»*-r*ft*>9*^ '/'J^ll 
±CSgLfcA 1 G aNH £x F7^7 , tCi7f >^ 

') ^^^sftstiM^fsntv^o aft**'; •> 

A [± -> 3 > g}£± tc 14 -i. tf ? * -> a- ;H£K L & v>fc 

ft, X h 1 G a NH£l£S&<!: LT, fi-ft 20 

[0 0 0 5] ZtlbOELOGtiZ&mzXtUi, M*<D 
A'777|^lv>t«S?-ii: JfcfifMfciMMW it 
T, ISA * 2 fff £L±tt0? § -tir£ £ t i>*X- § & 0 
L/d'ot, dtte><OELOG^ft(C4:oTSSjt$*x 

.Ti^-Ci^o «*.(*, ELOGJSftS-frfcaffctfU ■> 
A£«£ffl^Tgfii£:h.*:afl:#U ^A*ft-&*#*# 

f (4, 1 73f&m&±<DTtmtmim&-+2> ct^t- 

[0 0 0 6] 

■f4t, «R«±oaft»**fl*KS&fe-r&«rAKB 

tZo 

[0007] ttz. zo^L^m^n^x, rnvrim 
a ^fb^^m^^-r-s t, 

ft#«#0«S*ttoeT«riB<Ct* t **o Kit 

at t®*m&m ^isA^&T-r * „ 
[ooo8] iL&i-&&f£ia<7)&ft^£t-ov*-r(4, a 50 
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ft I-, ffcHBlO jW&t:: i SfcAteOfiT* 4 < 1" C 

tf^znijfoi-m&zitbzbizjLt), e^Rsoftfkw 
®(4, ff^*m<4^^-ft, ait*''; ^AottTjfa&ji 
ft, fcH4*#v>*frtt*qc;*-i-« c 1 1- X •) fift^^M* 

[0 0 0 9] -e-T% *HlOB«li, XEl-TirfEL 
Att**J:<> *jgtt4:lfil.h$-ti:fc, ftixfcl&jfesRTSir 

z t ofisMt#i#iii» 

[0010] 

hWLZ>5& 1 <F>\/— K^ H B B * figft § mrien 1 O 
in-/- KISS Sr * h 9 -f -7°^, A 

tt, ^Aj^**i-*e«t-»«;i-*xei:, tfrie*io 
is B B B ^)S«$-<i:, mum2ff)^mmim*)m<znzx 

fStilit, «rE»2<0->- KMiloT, 
^® U * 2 <7>ai ^Aft$-ti:4Xgt^fix 

[0 0 1 1 ] *»9iK*Jv»T, «2 0ft|ffi^ HO 
•>- V&&±&X.&XS 1 <7)afkt»#*«:|Bl±OS^gC± 

[0012] i fc, *»WU4JV»TJI» 1 2 Otfcg 

ituii, MAI 2 0 or&-to&jR\ mtirjm. 

[0 0 13] *7t, *#£W;:}3V>TStt£1£ICt4, *7 
r^r, ^e^;w3Z.l4j^<k7-'1'^^fflv^ci:^r-# 

4o 

[0 0 1 4] *«WUiiv»T, »l<50->- K^A<0$I 
(Ws) fc^lO^-K^SO^.SCOfS (Ww) tOJt 
Ww/Ws* f , l-2 0T**)4o 
[0 0 15] *ffeWUj3V>T, * 2 <0->- K^A<0l?$ 
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[0 0 16] *«wuij^T, »2<oafbt7¥Sfrf 

[0 0 17] aftW^*fl:k**4*«*«±U, 
fi^f^m fe^ttXttJMfc, #ft®Sr*i-4e 

*u»WBi-c«*siifcaf[:»j|iiM(t*e>*4iin co-> 

- KttJi t , inns* l co -> - FiSf^Ior, ^«£r® 
u«*sitfciii i (nmvfo^mt-mt, mmm i oa<t 

£ a« £ m-tztim-xm ? ti/caf b <b 

SHE 2 co -> - K@ B B B , frlB* 2 co v - Kft £ 
T»«$*lfc»2oafttt**fl«-C*l), ^2c0->- 

Kfp bb ¥n LcoHi;i4^fflt*i-*^bfe#«#:*«T- 

[0 0 18] *H^U4JV»T, »2 cO->- K*SiR(4, * 

i co->- m&±i&Rifm i oafti»**#iBi±o«^- 

[0 0 19] *%WHiJV»T, *10y-KM«>B 
(Ws) i»l«)y-Ktt*Oie«Oi (Ww) tcOJt 
Ww/Wsft l-20f*0, »2<o->- K*S B B B <o)f: 

[0020] ±ie^iS*?itcJ; e»ftfc«ffcw*»ff 

t:4 »)Bf£-r&coT*(4&<, 3B«B5<r*-r*«KR*®tf: 
L> ^<0««ilO3e»Uv- Kijq!i B B B £fi£fi£-ti\ ^-co 

m. umm^z-imm-zztiz x »k k 

844:Mt*. £*iUJ:iK aft****** 

- K^ B B B co3»ffi i£it £ * ^ fc & < . > - Kft A 4 ►) 

mm^wm * f&m s co u« t a * > - f&a * 

Lfcafb»#*#H±«o«-&»t=-c§ &*£ B B B 
T-£* 0 £*U4, »2co->- K^ B B B **lcoa<l:t)#» 

testate© 4 v»«H«>affc»¥*#-tuj&ia-r * *: 

[0 0 2 1 ] *2c0>- K£ B B B C0J?£^ 5//raJil±T- 

*>z>t. m2<r>mitvi*m&m<r>m.mmz. m2co->- 

K& B B a co£J&tc£?l?£*i-£w t^T'#*o Z<7>tz*>. 
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*S B B B CO gg&7»> e> Ote<£<0fsfl| SrffiCit A f -e § S o $ «b 

[0 0 2 2] £ fe, «Kil(-».«** 1 2 0 0 "CW±co^ 

fll, Mfb^-f*, afb-w*, ®Efb^?>, *ffc->*iU3 

Li:< v»1tR«:*-r4o «IBIit±U, gfb^ 

JO *frSr**$«4Ci:**-C-§4o 

[0023] » 1<0>- KfS B B B <0$I (W s ) fc & 1 <0 -> 
- K*S B B B <0©.a5c0iliI (Ww) t OJtWw/W s 1- 

£}lte>-f C t^-Cl^o .1*1(4, $ 1 <0 >- KttACtii 
i^RS**** i-*Jt*-C* »K * 1 CO v- 
©«*«£ < -T4 - U J: »K » 1 <0 v - KttA* <b« 73 
ItQUSft-f 4* 1 ^Sfb^#*#£*S B B B 144 <f|^t 

[0 0 2 4] 

[0 0 2 5] 116(4, $Hl(OS;SMi:4 

•TifiBig-eabio *«*«i±u»io«Kil2 

-vff^tcff^L, S«bU, * 1 <O^Ka2<O.^S|54 *) 
'<7 7rg (0^?jiTv^i,>) , *10v-K*ifBi3 
-toft, »l«0ft-IIS2^Wf)K#, * 
1 <0>- KttA 3^fcLt|l oaffc»***W 4 * 
i0 «*|flJUSE«g*4. HI <oafb^#»^ 4 

>»*L, H2<0«a^5<0.$.SIS4 i9H2co->- K^ B a B 
6S:«:ft$-*, »2O«SDR5c0^l)^# > 
12©'/ - K^ B B B 6^6tbtg2 oafb***fl« 7 

[0026] » i o -> - k&a 3 , » i coaf b 
»ft««4> »2<o->- k@ b b b 6. m2<nmim*m 

#^7(4, ^filt-lKSl n«A lvGai-x-yN (0 
40 ^x, O^y, x + ySl) 4 o $ tvS C t tfX' 

[0027] ?f>u, «re«i cov- k^ b b b 3, mi CO 
afbw**<w 4 „ « 2 <o -> - k^ b b b 6 , » 2 coafbtf 

Wi7i:ii, T > Y—~f (^tlftt K-yL4k>* 
K, u n d o p e) , S \mv> nW.T-Wfoy.lt. Mgf 

[0 0 2 8] ±ie^l<O^P2St>'H2<O^S 
^5(1(4. «MUafb1&#**A ? ^SL^v^\ ggftL 
50 U< ^M^^-fh^O^m^^o 
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[0 0 2 9] 4fc, #2fl->- K^ B B a 6(i, IS 1 <D->- 
K@ B B H ±SO i * 1 oa<tft#*#« 4 |S|±0«£-aU:«T 
»«tTB«Sti4C t»-J: 19, *2 A->- Kf£ B s B l±IS B B a 

10 0 3 0] i UttgH lii:|lWy- KttA 3 

[0 0 3 1] 01 -06 t±, «l«lfitU, aft 
[0 0 3 2] i-f\ 01 tz^i-i^t-. H«£«i± 

K, *1 WfS«Bl2 ^CVD, ^ifcli, 
O^ft(cj:»)jfiit-r4o **feWUi3v»t\ SiiSli: 
li.AflifltLT, (0 0 0 1) I [CI] > (11- 
0 2) ® [RI] , (112-0)® [AS] flv> 
fiiK±Itf4f7r'f7, ^feCKt- (111)®* 
±®i-f **kf*;u (MgAl 2 0<) AJ: 7 
«, S i C (6H, 4 H, 3 C , -g-AffcZ n 

s, zno, s i awftft**»#i:iw«'ft-i-*»fk 
* s -en. ;:t-Mi* s , (oooi) ® [c®] * 

A ! W7T-f7tf) (112-0)® [A®] UttLT 
A (10 1-0) [M®] Kfiitt^lfiH;:* h7^f 7*£B 

*t4:t] WiK, ifc (112-0) f [a 
®] ^±ittst7 7-f7f*st^ Hiram as 

gg2liW7T-f70 (1 1-0 2) ® [R®] IZ 
nLXm&*A h7>f7"i^tLTv^Cti J Jfi L 

#, mists 1 <o«gmi2(±-eo^e^;Ko (i 1 o) ® 

£#$-A3t®£*-77 ^iOU^-tirfc^g, $ <b{;*f -y 
7*#H * 7 T > iOU $ ffl i t "C £ 4 0 
[0 0 3 3] *lciltlE*10«HHH2i:Lr(i, Sftft 
L & v^xii, MLi:< v»##*» t> & & 
fcWffiK, MfiltLtli, ^ffc-ws (S i O 

x) , mitir^m (s i n«, mti-?> (t i o«) , 

Kfkv*^3--7A (ZrOx) , XtiCft(bA#JiRA 
fife, l 2 0 0t:Jil±cDaA**i-4^Jg^*fflv^ci: 
a*-C£* 0 ?«bt;^lO«Sm2 0mfftLr(±iiflcK 
2/<m-5 ^mT-ifeftlf, ^.SUi^afk 
^#a|f**^«L^-r<i4^*»i Lv>„ 

[0034] ttz. mmm 1 Aisgigi* * f ? * 

3B*+*»-&Hi»v»T. $ l AfSSHflA* h 7 -f y«St 



(5) ^2 0 0 2 - 1 0 0 5 7 5 

1 nmmv&MVtwfti l < i± 2 m- 1 0 

A/m, il)!(fH<li3^m-5^mtU til 1 Af£fl 
m<F>§§t LTJ±, 1 0 ^ m- 1 8 a< m, *Fi L < li 1 5 
,« m — 1 7 m ■!> 0 
[0 0 3 5] m&ttS 1 <0f*^IS5r^y^>^l-«t I)'** 
->ffMf£, xyf^CJ: 0mft*:fS»|g|A3g®£-7 

«3i"b 1 a->- m B B B <7>^ B H B #tt, ft l-Sg 

jo mm®.** <-tz>z tw-c&zx, 

[0 0 3 6] 0 2 K^rf J: o KS! 1 Af*ig|g2 a 

gJUilCMOC VD^ATfSHJ; V) y T jf (0^S 
tlX^^) RVm 1 Av- K*S B B B 3 -?"A 

i*, *ifl»i»Ro* if, »a*«i± 

tcfiS 1 AftHH 2 &&A3-fr££, 7 TfiSftJ 
/<7 7 7itLTI± < iiroy-KgS3iH 
f£i B Lt*«g£^£&A;WiL<, fflJxtfA 1 N, Ga 
N, AlGaN, InGaNWl^ft, 9 0 0"CJil 
T3 0 CClJUKDiSlS-C, mHO. 

i t m i <o k^p 8% 3 1 (Dfettmx&imm l, » 

1 co->- KIS B B B 3 <7)^ B B B ^P,i^^ < fc*£JMffi L 

[0 0 3 7] ^C, «HIROga5JitCtf;ft$*fe/«-y7 

<7)->- K*S B B B 3 t LTi±, T> K-7«50G a N, nl 
TfMfe* K-7'L/-G a N, iftlipi^iK-T" 

50 ^3 1^:, 77| «t •) *>S5iSt?l£:ft$-£&<0;J*fifi L 
<, *fW9Utt9 00-1 100 "C, J: »)»i L< l± 1 
0 5 or-CJ&K^ti, ifcBWJi, #C^?iif, 4J 
JKlil-5/^m, J;WiL<li2-3; 1 mf* 
4o ^<7>®H<DKI¥T-»10->- Kg 0 B ^tS?^I 

1 1- «t •) , ^«<^s "9 awmitfltft «r«i«-r * c t vx- 

ZhtztbU i Lv>. ^ 1 co->- K^ B B B 3 *)SS 

[0 0 3 8] i3CftJ:?i:, * 1 <Dgf 

40 *f*i 4 * , no-/- k^ b b b t RfilcoASIfeft-c-frie 

*1 Ov- K^ B B B 3 «r«fc Lt^S?-ti„ fclOftft 
W»fi4tLTIi, T > K-7WG a N, nffl7F$E 
ft*K-7"LfcGaN, ifclipffl^tt** K-^Lfc 
GaN?-Iv^;t))^i, I9IE» 1 fly- KSS3 * 

LT*jfl«:*«?*4, * i <r>m.im*?&tm 4 

Wi L<(i7- 1 5^rafW. COffBi: Off^Kff 
T-^-St, *lflafk^#*f*4flft±®^SfiL*n 

50 /c, CfleHJ: "Jl^v^If-CfixCS^-^^i:. *RURI) 
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[0 0 3 9] »l<oaft%^fr4 H4(C7p 

till:, *2<oftflI5 £»1 cof*aBH2 
^ftT-fiScUL^ i7f^tJ; <9 <t.SG£*-T £ £«oco 

LTIi, #lcK5eL&v^\ II 1 O^iSIKOfiKBi^fr i: 
I^W-r-J: <, *2c0«fS8i5O8I)li: LTIi, 5-10 
^ rru £ f>(-4f i L < (i 6 - 8 ,« mT-&&o * 

2 <D&mm 5 i co -> - kisa -t«at/, m 1 <r>mt 

IW»"C®j£$*i* Lv». *2COfS»lli5 

ffMf£> * * y h j. v * > *f\z x <o m 2 co^aiR 5 cos 

[0 0 4 0] »2<0«KK5O3gE«J: #2<0 

-> - k*s b b h 6 * * 1 co -> - K«a t raauofctt-ciftft $ 

•*4o ^2co->- Ktt£6 0WV£ LT(±, ft 

2 <0SMfcft^MW*J£ft 3 * 
2 co v k*S b b b 6 cogS&ic^SH zmttir Z>wm 
T&tumi-mfcztiT, »* L < l± 5 - 1 0 ft hk X 

•)4f i L< (±5 - ypmttJo -?-cofiL IH 5 H^i" J: 

5E&izm3--rz>-&mit% < > i fx m&T<?>jgkmr~$>tn£ 

[0 0 4 1 ] >kl~, H6 ICTjrtJ: 9 ff£2<0->- Kig 
S6 Ui 2 <OSfb^#Si£lf 7 ^JSg?-**,, 

f«fti4 t|sI«co*frT*fiS:«§-^^ci:(:J: ij, 
»j&»o^R8*6r— <9 , *±B**«M-e*4safb*#* 

#S 7 coJUHi: LTIi, ffiL<tt5-30^m> £ <9 
iff L < <i 7 - 1 5 mT-<fc& 0 
[0 0 4 2] *»W«aft»¥H#<7>lRfi*ai::4s^ 

4, *20-/-K*S46, »2oaifcftfifl:foaft 

i)K MOVPE (mm&R%.ttJ8.&m , HVPE 
v -f K5t**ftffi) < MBE f?^fy- 
80 , MOCVD (#«*«ft*»**fttt) Sfb 
I^Sft * Jfcfi £ CO iz%a h KX £Tco:fri£ Sr jg 
fflT-^^o «Ft Lv»*fi*ttt LT<±. Blff^l 0 0m 

frL^o MOVPESlt ft 
;t* J t-J9iLv\ Ltf>U MOVPESIJSIH^ 

[0 0 4 3] MU*«WoafLtt***««(i, ±K(- 
•9 , ^S^fiicofSMA^SlJ $ tt^Mfb^^^S^T-* 



(6) <Wffl 2002-100575 

70 

4 fc** CC0Sfb^#j»ff^1g±(C. n<ttnll 

^.^«iS*#i-*Sfb%#^^«:$aiii-*t, & 

[0 0 4 4] 

[HJS0J] tz^n^ <o%mm * i± c n 

Hffcffl 1 U*5«t4#XS*Hl -13 6 
70 ^Xm-fo itz^WM 1 (±MOC VDSCo^t^ft 
cOT-ab&rtN ^:f&Wco^(±, MO C & co 

-C-J±&<, WilfHVPEffi, MBEft, -5-C01&, Mfb 

[0 0 4 5] Ifeigl U(±, 2 -f >^- 9 S, CIt±It 

«+7T'f7*«±i:, CVD8ItIv», »lco«B 
BI2 t LTS i OzZmW-A /umXf&mt, tOfe, H 
1 UtjtT J; 9 »- K5 -f ^ ^ ^ > VIZ «fc 19 * 1 <7)^mmi 
X h 7 7TB 1 7 ^ m, Sgffi a^mOXF^-f V'^tic 

20 l> JK^i? hx-;f^yi:i ^^n^^ 

[0046] -^u, m2 \zm-r* o iz, 5 1 ot 

i:U, +t')7#xc*f, WMif^zr t 
TMG (h'J>f^#'J^A) tzm^K ftWmnSM 
±CGaNil)i4/«7 7Ti (H^^tLTv^^v^ ) 
5:2 0 0^>n h D-AOglipr-fiScS?^. a'7 7t 
mm.Wik. TMGcO<^iJii6T. iSS^ 1 0 5 0tSf± 
1 0 5 OtWofct), MA'XCTMG, T 
>t-7iffli» > T> K-7'G aNi O^^Sl co->- 
50 KISS 3 ^r^N*^ "7 7i±C 3 /u mC0BIIlT*^ft$-ti:^ o 

[0 0 4 7] >klzm 1 cO > - KttA 3 ^ * > 

bx 7 f^gi: J: /<77r-K7?i (BHF) 
*fll^*10fffllil2 0**|fe*SHi:*„ *1 tO««IS 
2im&1rZ>Ztiz£ 19, h^-f TTBtto* 

1 cov- K^ B B B 3 Sr3B*-r*C t*«-C§-6o 

[0 0 4 8] -?-cOf^ H 3 KtfI" i T I: 1 0 5 0 "CcOiS 

a NX <0 %*>m 1 cO^fb^^^S 4 * 1 0 // mcO 

40 [0 0 4 9] ^IC. B14 U^i-ioC»2COffiaP5$r 
»10ttffc»**fW4±UCVDSJE**fflv^ H)p7 

[0 0 5 0] >XtZ, »2co«S^5cO®.gi5(-»2<0->- 
K^ B B B 6 O C V Dgfff 1 CO v - K^ B B B t m 

^mm^mwm 4 #»ta+4 «t n izm^-r^o 

[0 0 5 1 ] >kiz^ i6i:ftioi:, SS2<o->- 

&&&t Lxm2<omit%i*m.frm 1 * 1 s^mco^u 

50 T**S?-ti-^ 0 
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[0 0 5 2] &±<Oi-5i;LTf»'bit*aftto#*f*:* 

[0 0 5 3] [UtttV 2 ] 1 IC^V-T, m 2 

o->- KttA*AJEft, *2«>filKK*N&-r«IKU, 

[oo54] [%tt0i 3 ] frensi0!i i air**** 2 u 

|B]B#(CnM^%|-e*>^ S i5:5X10'Vcm 3 K- 

[0 0 5 5] 4 ] tiTlSSttfti 1 atr**W 2 U 

WCpMftt-i^Mgi 5X1 0 ,7 /c m 3 K — 

[0 0 5 6] 



(7) # IS 2002-100575 

12 

< fcRW^SHrcattri&iftftfcfi 1 0 c b \~ a <o m 
* b . *fc#14^o*^tBji*&#4afk!»**flE** 

[HiBoftJiL&KH] 

[Hi] Hiii, *f&wo»ai<o— xeniiv»rf»ibn 

[0 2] 0 2li, Xgtli»v»T#<bix 

[13] 0 3(±, *«9jO*M60— X8K£v>-C»<«>*i 

[El 4 ] 04 li, *%WoSitO-IgUJoV^T#ibtl 

[15] 0 5J±, *l&W<^Sjg<0— XSUi3V»T#P>*t 
4Sfk!»**«:*««:*S:WU^-rBfiiia-e*4 0 

[06] H6ii, xet;*v»r»<9it 
4 sfkfe^jn* * ftAft t- m-t m m m -c- * 4 . 

20 [^OBtifl] 



1 • • 




2 • • 


• m 1 <v&mm 


3 • • 




4 • • 




5 • • 




6 • ■ 


• |2(7)v- K*SS 


7 • • 





[mi] 



[02] 
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(8) 2002-100575 



F 9 -A (##) 4G077 AA03 BE15 DB08 ED06 EE05 
EE07 EF01 
5F041 AA40 CA34 CA40 CA65 
5F045 AA04 AB09 AB14 AB17 AB18 
AB32 AC08 ACT 2 AD07 AD08 
AD09 AD10 AD11 AD12 AD13 
ADM AD15 AF02 AF03 AF06 
AF09 AF13 AF20 BB12 CA10 
CA12 CA13 DA53 HA12 
5F049 MA01 MB07 PA04 SS07 
5F073 CA01 CB05 DA05 EA24 
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(19)B#B$#ffFJr (J P) 



< i2 > & m 4* at ^ $g (a) 



(n)1#lffflK&li## 
#^2002-313739 
(P2002-313739A) 

(43)^S B ¥J£14^10J|25 B (2002. 10. 25) 



(51) IntCl. 7 
H0 1L 21/205 
C 3 0 B 25/02 

29/38 
H 0 1 L 29/43 

33/00 



F I 

HO 1L 21/205 
C 3 0 B 25/02 
29/38 
H 0 1 L 33/00 
HOIS 5/323 



T-7n-r(##) 

4G0 7 7 
Z 4M1 0 4 
D 5 F 0 4 1 
C 5F045 
610 5F073 



«2£Sf* *8»* ftR«OK6 OL (± 9 M) SJfcMfcSK 



(2l)fflH#^ 


ft®2001 - 1 17910( P2001 - 117910) 


(71) HIP A 


000226057 










(22)fflSB 


¥-&l3¥ 4 n 17 B (2001. 4. 17) 




©Sm|5imreJi4'BriS9491#«5l00 






(72)»W# 










tg&^1ttf±*I^IBI491#«1100 BS^fc 



















(54) [^wro^ao &ttm*m&mML. *WM)«ft&a 
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[W*JI2] frfE£IiSco$Wl±*¥^|fi](-aMLT# 

Si- * c t iz x <o fe&Tt-m & itm-t z z t * #gfc t -r & 
i iztmvmitm^mfc&fco 

v » x mtm*m# z&mz^z mitm^mw *«<o as 

ft***** t^i?^ mum i oaft»#*f*« 
(* Qai o*hb t * lait *m t ®iai- & xs «: • i 4 

X(4Jf £T«lJf t LTfifcHS-^ fOTilt^t-L 

[ft$$5] ^iE^«#®^ffM-t*xe^^^< t 

6 2 W±*-f4»*«3XI±W*«4 KEIRoaffcW* 

** 5 KE*oaft»¥»#Oj£ft;&ifco 
[f&S§OPlB£t&IE] 
[0 0 0 1 ] 

-t >*-*o£#3frf-, XCi«.?"f >W x 4 if Uteffl $ 
*L4fifb#U ■> A*-ftft-'»#*fr* : ?- (IniAlyG 
ai-x- y N> OSX, 0=£Y, X + YS1) OHr 

una •*-&<, 

[0 0 0 2] 

(LED) 'MMMfcU — «f (LD) ri*£B $ *LTV*.& 0 
ifli» DVD£fc\ • **KO««E 

m • W±fi { ~^f&%r-< X? ->?.TA^.<7)fflmiztti-2>W 
*ri*£Si ») &&-&X^2>o %<r>tzib^ CWiiiLED 

[0 0 0 3] C<oafb^*j£#£1Si LT#J;i.4*G aN 



(2) • #BJ 2002-313739 

2 

ftw*** - 1 xm.im*mfc&WLt L L 

[0 0 0 4] a^fc***fl:*«ti-4UJi, 

»ii<Ete* f l 0 10 icra- ; lH 
-OJ:-9fcttAte«>J: < fcv»aftBMMI 

^•w, Htm < , *«>*:»«§flit*iaj 

[0 0 0 5] fifb»*##£«<7>35Mt- 1 0 8 ffil c m 

^stt^^ufiif -r ^ tz*>. m&&<7>&T&m$imtinz 

mM9*5-z.Z>tztiX-% < , *-;^ft]g7!> s *$W.:<& 
i:t^#14tl<^?»„ 
20 [0 0 0 6] -t<7>tztf>. £ ^UKTitefe^r 1 0 8 1@ c m 

Hfi6;«$-<i-4^"vS^flJfflL7^ELOG (Epitaxial ly La 
teral OverGrowth GaN)*gft^-&§ Jit v>& 0 ,1?) 

#£14 , aft»#*#(-H P«t?* ^ mm zm-tz mi 

miML, z<d&%>± oaftifr**** s 

io ij v » x . l fcir atett (4 , «s^<7) ^.sc .t 19 afb% 
ftiz&&Ltzmim*&fcft<vxMmmm&m~myR 

■fZtzib^ «^i6)fi£«L^a-fb^*#ft«0^«^«® 
<oa-ii*E&(4 1 0 6 c m- 2 SSifKtl,,, 
[0 0 0 7] iOELOGft«ft(±*^ri6llft«Lfc|IH 

< > afbfe 2 #^fr^«0*1S^T-i4^B 3 B ttOj: < 

b^mmAvfrte-rzztizzt)^ m.im*m&mi<»m. 

40 V^4 0 

[0008] s^, «SjSKA ? ji <wmiSL&&*m%x. 

+ (Hydride Vapor Phase Epitaxy) ftA s *> 

W*tS^JK^*«fi (MOCVD) t*Uib-<Tfi£S 
iie* ? iS < S5:+ - &W y« m odi^ ^ <{> 0/ ^ a* 

w«® tc^-r *s sete ?r^- ufiM ? *^^«* f as 

50 W2iXZ> 0 
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3 

[0 0 0 9] 

l&Wfimdh Lin t-f& Rfl] L L & <b , ±!£l- 
Tjrf'W K9-f KStfix if ^ * •> -v ^ftftftt; J: ►) 1 7 

t»#***«(±9jtLd^^.Lr Lioo *<r>tztb^ mm 

3 «-$J $ Kfc -7 * / \ - * teffl U 1 7 ft tf 4' «b -r\ 
(TXCJt^TXeSrJt^i-C. t U4 O^-CcO^Si 19 * 
<Dt$&&Ti>^z.bn2> 0 *ZX\ COio 

[0 0 10] 

[0011] «rlEftffc»**fl:»«Ji» ffilBfifflO^tS 

[0012] *&wizisitzmivto*mi*mfc<of£&i] 

2 *5ftffc«NM|fl« ffire* 1 <omit%0¥- 

Xti£lMo£4E£*-t£i&fl#M£ffM1--i>XS£ 
[0013] *8Eafl:«f**#««o*ft*jfe(*, tine 

gfrl * Aft £ Hi- & C t *• t + -5 o 
[0 0 14] *Eaffc*#*flt««Oftft^ffitt, SfffE 

[0 0 15] «Eaft«**#««0*«*ft(i, /W 

[0 0 16] let, ^«t(iMfk^#*#:i:^4^^ 
tt^T-^tLl^ Cm, RB5, SU f A®<Ov^-rtT.^«r± 
Itnt7r-f7^S iC (6H, 4H, 3C) , * 
fc?*;K ZnS, ZnO, Si, G a A sHT-£>& 0 
X, a-fk**'; -7 AO idle — n i A 1 y G a 

i-x + yN OSY^l, 0^X + Y^ 



(3) #P 2002-313739 

itT <o , ^«<o)p^ <f> #f ns^ 74 -> > iif 7 7- 

0. lmmJ-Uttl,, Cilf)<?)ifliSW { f}l5;4 

[0 0 17] ^f^t-JsttS? I'-^-tli, ssioa 

7C#£, S^$ii5, am y.±l 0 O^mHTf*!), 
c <om £ li Pl-i&ft^® tz i3 It * JfcR#ffiOi5fg:MT** 

& © 

[0 0 18] ifc, **Wt-J3ttS£iS<0^®t (i, * 
20 1 ofcftttiMWMI **ft»U*W* f *3FWt-Jt LTiSS 

[0 0 19] *«Wt=iJtt*«ft*ffii:«i, tt±U*-i- 

* s * tz m iz vis. s a & # i oaft»# 
m#mtm2ff>mtto*m#mt<r>*mim-t-o z<om 

30 i&mtf 5 fx rafti 10 0^ mtTF-C&So 4 fc, 

[0020] ±mz7fi-tmt®*&fc : &iiK. Rirmim 
*m&mfc<nfcm*&t-tz>ztx\ aikft#*#rtu 

«fk*#*#**#eifc UT 14 3 0 ^ mtLk<Olg!J!-t*)£ 

[0 0 2 1] ±IE(C^i-fi6;fi#®OiS®:M**-tS C t 

fro * tllgt «r S -it i> z t % « c 
[0 0 2 2] ifj, fifk^¥^frO)£g#H£BJ£-r& 

xs^n»)i5Lff7 c t-c*, ?"bi;»ae{3:^e«$Hi- 



5 

-ei±}$.&W&$>tz *) <r)M&&iZ&m$: 1 x 1 o 6 IB/ c 

m 2 , SJL<li7X 1 0 s m/ cm 2 ttilttft? 
OH K£ C Z> Id* * * £ 1 tfX* # £ . £ (± 

HSIiA^'iJo 3&«±^<0 5 0 fi m£Lt?> 

mmi&&~e$>tu£, z 2ott^> zt-c\ 
aft»**#*««oR »> «\ wsLtmcm*m&tntb 

[0 0 2 3] JJLhK^LfcJ: o tc, *H^tr(±, ^77 

aMSKWit^&ttfc^caa'iSft^iBS-fcjKfcafkW* 
offiifc'it-cii* < , afHMMWfrrtt:: 

ALL, »*L<(i500 /! / mtt±«(?H<7)Sftft*i# 
[0 0 2 4] ^ftW^iJCtiftffctt^SfrafelR 

tfi:Mtl.f/^xil^i<t;t 35*t- £ . a-fk 

[0 0 2 5] 

[fWI«>**OJBS5] *fSWU*lt*afc*j¥*fr*« 

IB <H2 oftAfcaffclMM* 

fti«T-4*„ BIT, ^OHMlCo^ttSI 
ti:Rflt4. 
[0 0 2 6] ^«l±HT%e2*^S§-«i:, » 
1 ?>afk»**{«3 £j£g£-ti\ -?-<0±(Z, fS2<7>B 

T -& Sfk«5#»^*« tn. 

[0 0 2 7] $^T-li, ^«1(CC®, RI, 



(4) #^2002-313739 

6 

m<r>^-riXfr*3E.Wk-tZ>*t7 7 4 T^S i C (6H, 
4H, 3C) , Xfc?*;K ZnS, ZnO, GaAs, 

s i . x!iSfk%#*«:^*^«t-r4 0 # i 

t-*»)SfS Lv\, Z<r>n<F>*7fth LTti, 0° -0. 
5° , *f*L<(40. 1° -0. 2° tt*. -n<bo 

[0 0 2 8] *i:Tft« 2 1 ±tc$C«*ftffiU <fc 

fiia^ia* ; t * , wx.ii\ aik 

AUGai-iN x InxGai-z 

N (O^X^l) , TbXF\ DiAlyGai-i-yN 
(O^X^l, O^YSl) ^lffb^^, 0 Jf-VUT*" 

;UT^5-->A, F 'J ^ "f-fr-i > v "7 A^^rfflv^^ 3 0 
0t;JiJ.±9 0 O'CUTOiSSs lOt^yxhn-AJA 

30 [0 0 2 9] Z<r>TtiaMi) % 2mm7kX-3bZ>igi'k[~l±. ffl 

»)So||4-6ftfk»#*ff**ft$*4-i: Ci Ctt 
E|6]#ttO«tL^TAfeJB 2 tt^Ct^t-ilx, 

[0 0 3 0] -<OT«feS*2S-CgtS$-ltS^'&W«S 
*frkLm MOCVDft*ffl^*l«T*it*2 
<7)T%^i: ?:(^^0#ir 'J T**7^. dfl-*"^Srffl^\ 

^S-ffl^, *10Til*3 0 0ra±9 0 0t;J.>lTW 

40 TroBWrSEftS-frfcft, 112 <7>T*i!)f (±J&;gi£££ 9 

o or- i i o ovt LtiiflTtii »)ig5fir*fiS:s 

[0 0 3 1 ] S2 0Tt5JIimSit LTf&g 
50 $-ti-^*§^<7>^)li:Lr(±. mi<OT«fe)SSrl 0*>^ 



7 

ffl 2 OTlfclf £ 5 0 0 * > h n-^~ 5 0 ^ mtt 

«s**i(f, mmmt LTos&atai}, nmmzzifc 

[0 0 3 2]*:, T*«2**ftS*fc36«l±U. 

* 1 oaft»¥i*fMI 3tf2 oaf 4t* 

10 0/im, J: 19 L < l± 5 M m- 5 0 ^ mX'&ir 

if, «aeaost«^ifci*^iB«:ft*iainftif-5 c 
t? »2oafb^4 i ##J14 0j&jiB#u.ro;s; 

z<omit^mwmmt3 o M ma±<ommxf& 

[0 0 3 31 £<bt~, ±»(S:ft*B*2oJgft-#-4lz 
ti, »2 0Bft»**#H4Ji»=*3 0a<fcft#*IMI 

tLtcio> * i oaf 3 , a 2 oaib^* 

ifti4toffli:S«fS^ML> »3oa4"b»*>£ 

u«» a i om.im*mitm, x.&m3 0>a.itm i tfM* 

SO^ft^f^^gtSJSSSrO. 5mm/h o u r W 
±, il)ffiL(IJ:l-5mm/hou rtti. C O 

*O±K«ft$*4»2<0afbW¥*#« J *»»4O 

aftw*«#« toii:»fit ait»#*# t OS* £ 

[0 0 3 4] -OT%J12 0±(-)$ft^-ti:^»l oafk 

%>i*i&&m 3tm2 oaft»**fMi 4 1 

fn£*, Wa£j£ft$-£4C t^fifet^^o -IOJPH5 

e, airsa****^-*-. 

[0 0 3 5] ^i&wicijv^T, mi-~m4<Dmit®i*m 

* > 1- ;H&gj£ fc l±, #'J^A, T^5-^A, 
^7A^03^7C^t, Sft7K^O/>nr>*'x t 
J££-£T, 3 J£7Cf5tO*£fb$k m"b1&, a-Mb^&t'O 



(5) If H 2002-313739 

'&Z>~ft&X~$>ho 
[0 0 3 6] mitVd*mfct L T G a N £ (&g C 
ti, H V P E^BrtUJ3V>t\ Ga^?)^Ail^51 

70 [0 0 3 7] A D y>#Xt LTI4H C 1 * 
•vVTtfXfc&U^ny i)#X$n4 0 -O 

7tm<7>^-aY>i\:®)*!kmz*±. Nafta** 
[0038] ai, *3oaffc»*ilM*aoia 

fl^ftfc Ltli, )tSiS)S7i s 0. 5mm/hourHJ: 
X'&t), i^ftf L<l±1^5 mm/ hourtfJo 

20 ^siasfii, a3oafb^#a#S£j&fts-£ 

i.^tA^I, -€-0±Kjaft$-£&JB2, »4oait^ 

t o^s#®T-««tafb^*«fr t ott.^4- 

*3oaffcW*ilHMI±u*4 0 

jo mitty*m>itm£m.mz-ttz>zti<z£io. ^faizmif 
r * jRi- * * j - , iEt£ * ay? l af b»#*#at« t 
[0039] ttz, m i waikftftwi t a 2 oaft 

»f*#«±u» 1 oaftft***** j: 0 t«*aa** 

40 2 oaft»#i#l SHiti i k C J: f) , XVm 

nft'jrii&msit. *a-<«Ffflte*#i-*fifctt4aft: 

^*^«^#4*ftt LTti. a 1 oaft^**i*eo 
(Ri) t, *2oafb^###^o*Sigs 

(R2) tOit (R1/R2) AM tJL±T-*)4^ o 

t *) m 2 oafk»^amoaaaa«:a 1 <r>m.im* 
i±> »3oaffc»**#at»4oafb»#*#wi:u 

o^Tt|B]«lT'*>l}, S3 0afb^*^SO^Si$lK 
50 (R3) t, »4 0aib^#3SftSO«:Rii)i (R4) 
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t<D$£ (R3/R4) fttl£Lb£U JMoaffcW** 

[0040] z<7)mi<7>mitv>)*m>»mvmmtLxii 

fttcRjtSflfcv***, &i L < l±2 0 /urn- 1 mm, J: 
f)»iL<li5 0^m- 2 0 0 ^ mT-ab •) , J±t)giftt 

[0 0 4 1 ] £1 -»3 0ftfl:»**fldil=tt, T> K 
-ytcffiib-f, nl^»t LtS i , Ge, S nRV 

g. Be, Cr, Mn, Ca, Znf<OpSM»«rK 

^♦l**K-rf ixlf, «*|6|Uftft**lllJi$ii4, * 

^ 0 *2oaftW#*iW*JMoaftW¥*{t: 
«tc(±pffl*#fc!»4r nl^ttpl^ 

[0 0 4 2] 1 , m 3 

% 3 o^ftft^Sft:^ t [wis, xii-e-njflL±<oift«T« 

«?«OA ! fftU<, 1 0 0 OCJGLt 4:1-*. 

u m i oafb$&¥S#s 3 1 * 2 oa^^^i 4 

t <n S*M*«* # »t #i K K 19 & tz tb Aft 

iMHI^ftv^jWJ* Lv\, *2coSfL»#* 
^4WBSHi: LTIi, SJhB/» 5 ~lilW-& Wilt URje 
Sti-f, *l©Sft*#iftli:*4*u-?-«i!!ia 

j*2 0>afl:»**WBliBt**3 0^m*l£<DAft 
^itl&^fflAS&T-&*U;fMO C VDSfMBES* 

[0 0 4 3] ^ 1 - f 4 (Of ftftf WtffiS t L 
Tt±, ftKffiJcSit-f > -HfcSl n 1 A 1 y G a 
1-x-yN (OSx, OSy, x + y<l) ICiot 

[0 0 4 4] ±fc, *5IW(-iiltS^t%»#*^^« 

JALfciftu. ? e. i:iiCe«:ft«$*4fcfti:E L O 
g Aft $ * & c t x-nm&ttr £ § h [~ fiM S * & £ t & 
^%lx-*>z> 0 

[0045] ±i5og:«*&(- j: i) » hfitzmm^m 



(6) iftgfl 2002-3 13739 

#*fr**(iffil*ft**^rife-C*4fc*. HHHAftS-e 

*«± I : i£A S * & affc^&ft?!??- ttftft* 

[0 0 4 6] 
#.BBLTiS.H / §i-^ 0 

0CVDgfC-t7 h U SSI 0 5 OtT'l O^ffltf) 

[0 0 4 7] 5 1 0"C!C LT, + J r')7# 

*l-7k^ Ifl-#Xi:7>*-7t h U > f-ti/if*) "7 A 
GaNi Vm&mi cOTifom* 2 0 0*>^^. 
h n-/* cogger Aft 

[0 0 4 8] *-Of£, 1 <7)TJftS±l-SS2 OTJfeSt 
20 LTG a N^A^ilteSr^rr&IBSrAfti&JKl 0 5 

fc&m<0*\ ') TifT. t LT**i 2 0. g 
¥4#*Xi: LTT >t-7J: 5 L/7K h 'J > f-^** 1 ; -7 
A£2 5 c c/jS-IBI, jj£Lfc 0 
[0 0 4 9] * 2 OTifel K7-f Kt« 

fc «C«t G a C 1 3 itffiU •^tc, N^t*47/' 

30 m#m 3 *iaft$*fco * 1 oaft«**ftw 3 oiss 

fiSt Ltli 1 0 0 Otfit), &flil££ 1 mm/h 
o u r t LT> ^ff 10 0// tnr-ASS-ti-/Co 
[0 0 5 0] KHoaffc»**fls«3±U, ^2 

oafk»#*fMI 4t/WK?-f K^ffi^ tf ? -> -v ;u 

T(±, #ft»aE**l<oaffcft¥*tW3fcH»fcU 
» 2 <?>m.it%!l*m>#-m 4 <0«fiiiS?r SO^m/hou 
r T*^)l(± 50p mffltgStt. 
[0 0 5 1] iftlBietjtOjSLfTV*, »2<oa 

iifri t -e» 4 e>mtoi*m#m 6 * as $ 

■<*\ aft»#*#l*Jt;iftft#iB*2 0JBiRL. Ic.7J«W 
[0 0 5 2] U±tcj:l)»(bJifc||l4 0ftfk**#fM 
gefSlift7xl0 5 f/cm 2 til.o ^^iii: 

*%wx'itmmmB.x-*> •> , e^fiiT-ab^ait^*^ 

50 [0 0 5 3] [*J£0I12] *&0S1 UiSv>T. H2(C7p 
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i9 isirr* t , mmm 1 1 HfcKtsa&Ria* i x i o 6 
[0054] RiM3] arciwncj: o^ti 

fc«ft»**# * tt«E 1 1" h V - * 

[0055] (7>K-7'nl3>^^Ml01) * 
JfeUII 1 t!#^ii/:^x-^iM0C VDit(^S$§§ 
fit:-t7M, 1 0 5 0Ct*ft»*t#t:, TMG 

( h *)*T)Vif*) , TMA (h'J^f^T^^ 

^A) , 7> j e~7*fflv\ Mo. osGao. 95 
NJ:»}^^7> K-7*nSn>^^ Ml 0 1 t l//m 

[0 0 5 6] (nf3>^ M102) ^Z'&hi\tz 
^7 7 711 0 1 ±i:TMG, TMA, 7 >^e~7, ^ 
^^tLTv7>^S:fflv\ 1 0 5 0CTS i K 
-7*l/:Alo. osGao. 9 5 Ni •) 4I> nln> 

[0057] (?7v?m±mi o 3) tmg, 

TMI (F'J^f;K>v7A) , 7>*-7*ffiv\ 
fflSS:9 0 0tt:LtI no. o?Gao. 9 s N X *) 
fc**7**6*jt*l 03*0. lSjumORftftft 

[0 0 5 8] (nl^ry Kil 0 4) ^j£* 1 

0 5 0ti:U, IW^CTMA, TMGS^T > -=6 
^7*fflv>, 7> K-7*OA 1 o. osGao. 95N 
*$fc*A**2 5AORflE^iKK$-g\ TM 
AS:jhft, ^«»^i:Lty7>^*«K Si* 
5X10 18 /cm 3 K-^LfeG a N «t 19 4-5>B)B«r 
2 5AOlgtffi6J^o CO»fH2 0 0®3t Oil 
LAii:BItO»i«i|i:L, ilfl^mO^il 

[0 0 5 9] (ni^ K1105) 2tU, HfltoffllR 
T% aft^UTMGa^T^t-TSrffl^ 7 > K- 
7 P OGaNJ; »]i^nl^ K1105S0. 1 5 ju m 

[0060] (fstts 106) *sg* 9 o otic 

L, fift^CTMI (h«J>f;U^>v^A) , TM 
G50 f 7>' ; e-7^Si\ ^*Eft^tLtv7>^ 
*ffiv\ Si^5X10 18 /cm 3 K»7^L/:In 
0. osGao. 9sN«J:l)^^l5ii^l4 0AOl 
J?* >^>#**lh#>, 7>K-7'OIno. isGa 
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0. s 7 N J: 0 &&#PJf* 4 0 A 

LT, TMI, TMG5^7/^-7^fv\ 7>K- 
■/O Ino. 0 5 G a 0 . 95 N *J&;K£-t±-&o ffftt* 
10 6(4, ttKV 5 0 0 AO#*fi^#P«iS'(MQ 
W) fc&& 0 

[0 0 6 1 ] (pll^H^il 0 7) ftft 

-7*fflv>, >FMa^tLrCp2Mg (x^n^> 
70 9 yx-;i/7^v')^) MgHxiO 19 
/cm 3 K-7'l/:Alo. 3 G a 0 . 7 N«t il> p 
MS^-ffl U^£>/f 10 7*100 AOlRJP-tMftft 

[0 0 6 2] (pi^ Kg 10 8) ^U, fiS* 1 0 
BOICCLT, Hf^'Xi:TMGa^7>^-7^ffl 
^\ 7> K-y<7)G a N «t 19 £r£ pM#^ KS 1 0 8 * 
0. 1 5 M mOJBIJp-CJ&g :o P I^ Kg 

[0 0 6 3 ] (pI^7 7Kll 0 9) 10 50 

20 tt7>K-7'Alo. osGao. 9sNJ:l9&£A 
J§*2 5 AO|R*-CftftS*, ^v>TTMA*ih#>> C 
p2Mg*fflv^T, MgK-7 p GaNJ:?il)Bi^2 

sA^fw-e****, -eti*9 omisoii inif 

0. 4 5//m^@MJ:^^pi^77Kil0 9 
*>&:R£-££o pI^7 7Kilt GaN^AlGaN 

ttmmLtzmfe*mvk£-rz>o pi^77Kiio9 

[0 0 6 4] (pI^>^^Ml 10) tIC, 10 
5 0CT% pl^77 KJf 10 9 Oil:, TMG, 7> 
^e-7, Cp2Mg^v\MgilX 1 0 2 0 /cm 
3 K-yLf:pIGaN«t*)4*pffl3>^^HBi l 
0*150 AolftJtftS^io B6»Tlft, 

srtKis^T. ^'^M^a^*, 7oot:-r-7- 

[0 0 6 5] 7--'J>^ fiffctt#»#*««S-fr 

* hi^)IIi:S i O2 £9fc4«8HJt*JBj£L-t\ R 
I E (R&iiJ *>x.y*>7) *fflv^S i C I 4 if 7 

nio 2<7)ii^gai^«o 

[0 0 6 6] S i 02«flMt*?BJSU R I E* 

fflv»CF4^i:j:i)X7f >^t4<:tCJ:^ *h 

[0067] u v v * h 7 yetttt. z r mv& 

50 (±i:LtZr02) J:i)&&«(K«flUt«:. + > 



-7- 



13 

*)f&&LfzpMJf'{ KB 1 08±C0. 5^mC0 
[0 0 6 8] pin>^ MlCpllffiiN i i:A 
> * * h/f±U(iT [ b A \ & *) nilttfMt^o 
fill: < * b-7^-7°ffM^nTi/^nES^(i¥tf^*fp] 

[0 0 6 9] S i02tTi02J:i)iS»t# 

^Jflgl • £Rlt*:f&, p, nlt±i:N i -T i -A u 

(1 0 0 0 A- 1 0 0 0 A- 8 0 0 0 A) 
YWMi*tL<?timtt:a -<OB#, (EtflB 

is) uts i 02 tT i 02 ±*)%z>mw>fc&mmi)m 

[0 0 7 0] &±<D£ n iZLXWhfltzU-^fm^i^ 
SS^i3V>T L§ . 8kA/cm-\ 3 0 mW<D 

T-**f*^*L* 0 f*?>*L&U-^*T-0*T-#*(i, 3 0 

00-2000 ob$b**»i^§*o 0 

[0 0 7 1 ] 
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